Abstract. Cross beam is one of the major parts of a modern CNC machine tool, to which it is of great importance. With a long structure, it bears the weight of ram and slide carriage. Its mechanical structure has direct influence on the dynamic performance and processing accuracy of a machine tool. This paper studied a gantry type cross beam which was composed of many ribs whose good structure design is very essential. So, in this paper, the cross beam and the ribs are the major research objects which were studied by the finite element method to analyse the influence of cross beams with different rib structures on the processing performance including dynamic and static characteristic of machine tool to find out a better beam structure.
Introduction
As the representation of ability in creation and industrial technology of a nation, the modern advanced heavy duty CNC machine tool is very important for the progress of national economy and industry. With high process ability, high processing efficiency and processing accuracy, it plays a crucial role in national manufacturing and is often used in processing complex parts and accurate parts and hard materials which are difficult to process by common machine tools. The latest and advanced CNC machine tool is often in gantry type and has a long cross beam. As the major moving part and carries the other two parts which move on the other two coordinate axises, Cross beam is the most important part of a heavy duty gantry machine tool, its static and dynamic characteristics and structure has direct and great impact on the static and dynamic characteristics of an accurate CNC machine tool. So, in this way, in order to improve the multiple performance of a precise CNC machine tool, we need to study the cross beam to find a good structure.
As to the domestic development of the high precision and fast-response CNC machine tool, we have already come to see the importance and the distance between national and foreign technology of manufacturing machine tool [1, 2] , and our technicians are paying great efforts to catch up with international standard. Yanqing Wang [3] and Gaoyan Zhong get the better structure of beam by the method of comparing the static deformation of four different kinds of cross beams of one machining center. Xiaoyi Wang and Zhenyuan Jia [4] realize the structural optimization by putting forward a topological optimization method and optimize the distribution of the ribs in the cross section and the lengthwise section. This paper research on the optimization design of the cross beam of heavy duty gantry CNC machine tool by analyzing and comparing the static and dynamic characteristics of different beams with diverse structure using finite element method and figure out a better beam structure.
Cross Beam Optimization Design The Original Cross Beam Structure
The original cross beam is consist of many transverse ribs and longitudinal ribs which are combined by two welded crisscross ribs. As shown in figure 1, figure 2 and figure 3 . The cross beam is as long as 8.000meters, and it's 1.889meters high, 1.910meters in width. The material of it is Q235A, and the characteristics of this material are as follows in table 1. The mass of the cross beam is 13879kg. This structure of cross beam has been applied into practice. To future study the beam and make optimization, we need to set up modal of it. After that, we get the natural frequencies of both real beam and the model compared. The results are as shown in the table 2. From the table we can see that the natural frequency of the model are almost as same as the real beam, so we can make sure that our model is correct, we can use it for future study. 
Optimization Design of the Beam
To optimize the structure of the cross beam, we need to first analyze the structure and the force of it.
As shown in the figure 3, we can see that when the beam is static, it bears the force of the weight of itself, the weight of the ram and the weight of slide carriage and also the weight of the spindle in the slide carriage, meanwhile with the support force on the bed plates at the two ends by the base. These force will cause the beam bend downwards, in addition to these, the weight of the ram and the slide carriage box in front of the beam will also result in an overturn moment on the beam. When the beam is moving in the working condition, it will move fast and stop fast and has a relatively high acceleration of 0.5g at max in the direction of X axis as shown in the figure 3, at this situation, the beam not only bears the force it holds up when it is static but also bears the effect of the acceleration, which will cause the beam to bend in the opposite direction of the moving direction.
In the structure of the beam, the transverse many ribs which fixed by the longitudinal ribs and the crisscross ribs support the overturn moment, part of the weight of the assembly of the beam, the ram, and the spindle box. The several longitudinal ribs join the transverse ribs together and resist the bending moment in the directions of X axis and Z axis. So in order to improve the performance of the beam of resisting deformation of all the force, well organization of the ribs and well design of the structure of the ribs are in great necessity and of great importance.
For the sake of improving the rigidity of the beam in static and dynamic work condition, a modified structure of the beam was put forward in this paper. Based on the original beam structure, we thicken the crisscross ribs from 10mm to 15mm and add six equidistant triangle ribs which was welded to the crisscross ribs to strengthen the ability of the beam to resist the overturn moment and bending deformation. At the same time, we take the measure of punching on the main crisscross ribs and the triangle ribs to lighten the mass of the beam to make it get smaller inertia and to become more agile. Meanwhile on behalf of strengthening the stability of the welded structure made up of crisscross ribs and the triangle ribs, four circular steel tubes are added to the aligned holes on the triangle ribs, and as a result of the optimization design of the beam, its mass become 15697kg and its structure is as shown in the figure 4(a), (b), (c).
Static and Dynamic Analysis of Cross Beam
Actually, in the practical design and manufacture of the beam, we can always take the effect of the static force into consideration and make the beam hunched to just counteract the bending effect. So in fact, at most times, the static effect of the force added on the beam is much smaller than the dynamic effect so that we can ignore it, usually the whole deformation of the beam is about 0.17mm at max and the deformation of the tool nose is about 0.14mm at max. so the dynamic deformation of the beam when it accelerate is the major issue we need to consider carefully.
Dynamic Deformation Analysis of Beam
When analyze the dynamic deformation of the beam when it bears the acceleration of 0.5g in the X axis, we import the optimized model of the assembly of the optimized beam, the ram, and the slide carriage into the software of ANSYS Workbench, then we set the materials, here, except for the material of the slide carriage is HT300, the material of the other parts is all Q235A, then the constraint was set, the cylinder face of the hole on the base plate at the ends of the beam was fixed, the one plane of the hole on the base plate at the end of the beam was fixed, and the two base plates at the ends of the beam was fixed with the direction of x, y, and z.
After the steps above, we solve the project for the total deformation and the directional deformations. As shown in the figure 5(a) , it indicates the total deformation of the assembly with the optimized beam, when compared with the total deformation of the original beam structure as shown in the figure 5(b), we can see that after optimization the max total deformation of the beam and the deformation of the tool nose in the figure 5(a) is smaller than the max total deformation and the deformation of the tool nose of the original beam structure in the figure 5(b). Actually, we did several analysis of the deformation of the beam in different working positions, and the deformation performance are as shown in the table 3 below. From the table we can see that the deformations of the optimized beam are smaller than the original one. The directional deformation of Z axis was reduced from 15.923um to12.445um, performance was increased for 21.84 percent. 
Modal Analysis of the Beam
To ensure the safety of the beam when it is under dynamic vibration working state and protect it from the risk of resonance, we yet need to study the modal of the beam and the result is shown in the table 4. From the above table 4 we can see that after optimization, the first 3 orders of natural frequency of the beam was increased to some extent. This means that the optimized beam is more unlikely to occur resonance failure, the dynamic characteristics of the beam was improved.
Summary
This paper analyzed the cross beam of an gantry heavy duty machine tool, and a new optimized structure based on the original beam was put forward and mainly analyzed its dynamic characteristics and made comparison with the original beam, from the result of the comparison we drew the conclusion as follows:1.the first 3 natural frequencies of the original beam model is approximately the same as the tested frequencies of the real beam in the factory, so the models in this paper are correct and credible. 2. After optimization, the beam and the whole assembly had smaller deformation and smaller range of deformation when it speed up. 3. the first 3 natural frequencies of the optimized beam are all higher than that of the original beam, it highlights especially in the first order. Finally all these above indicates that the optimized beam is better than the original beam. 
